A b s t r a c t High-frequency skin ultrasonography using Dermascan C, manufactured by Cortex Technology, is an important part of modern diagnostic procedure of various skin diseases. It has been used in dermatology since 1979, when it was first used for the measurement of cutaneous thickness. Ultrasonography is a universal, painless, lowrisk and non-invasive procedure that can easily be performed and repeated. It provides real-time visual information about the processes in the skin. This technique has grown to become frequent imaging method in dermatology.
INTRODUCTION
In recent years, high-frequency ultrasonography has become an important diagnostic tool in dermatovenerology. Ultrasound scanning is of importance in many aspects of clinical medicine (1) . It has been a very important diagnostic method of organ and tissues imaging in medicine for about 60 years (2) . The ultrasonography is a safe diagnostic method that can be performed at any place of the body and repeated for times without any risk to the patient.
The high-frequency ultrasonography was for the first time performed by Alexander and Miller for measuring skin thickness by using an A-mode device in 1979 (3) . Great progresses in the development of high-frequency scanners in dermatovenerology occurred since that time (4) .Highfrequency ultrasonography with 20 MHz scanners is well-established for measuring thickness of the skin or its tumors and assessing inflammatory skin disorders (5) . It provides information about the axial and lateral extension of benign, malignant processes, inflammatory processes of the skin and the subcutis and monitoring the effects of treatment of selected dermatoses (1, 2) . Moreover, information about the quality of lesion and the inner structure (homogeneous, nonhomogeneous, hypoechogenic, hyperechogenic) can be obtained (1) . Mild-frequency ultrasonography with 7.5-15 MHz sounds is widely used in dermatologic oncology, for preoperative staging and follow-up of melanoma patients, especially in investigation of lymph nodes (5).Currently, it is possible to achieve even higher resolution images using modern probes of a frequency of 50 MHz or 100 MHz that can be used for more detailed investigation of epidermal structures (2) .
Indications for ultrasonography in dermatovenerology The high-frequency 20 MHz ultrasonography has a multiple indications in clinical and experimental dermatovenerology (2, 5):
• Preoperative measurement of the thickness of malignant melanoma and other tumors • Investigation of benign and malignant tumors of the skin • Inflammatory processes of the skin and the subcutis /psoriasis, atopic dermatitis/ • Evaluation and monitoring of treatment of scleroderma-like diseases / morphea, eosinophilic fas ciitis, cutaneous graft versus host disease/ • Monitoring the effects of treatment of selected dermatoses • Unclear soft tissue swellings • Sonographically guided intervention: targeted percutaneous needle biopsy of lymph nodes or sonographically navigated surgery • Assessment of skin photoaging • Evaluation of wound healing • Assessment of the adverse effects of topical drug therapy
METHODS
All skin lesions were investigated with skin ultrasound Dermascan C -20 MHz, Cortex Technology, Denmark ( Fig.1) . High-frequency 20 MHz ultrasonography allows reliable imaging of cutaneous and superficial subcutaneous structures. With an axial resolution of 50 μm and a lateral resolution of 300 μm, structures up to a depth of maximally 8 mm can be imaged. The conventional ultrasound focused on the region of interest to identify the lesion shape and echogenicity. The evaluation of a skin with 20 MHz ultrasound B scan is performed from the surface to the depth. Hyperechogenic and hypoechogenic structures are distinguished: Hypoechogenic structures are those with fewer echoes than dermal connective tissue. Hyperechogenic structures are those with higher echogenicity than dermal connective tissue. The melanoma lesions had a homogeneous hypoechogenic appearance with a regular contour. Vertical tumor thickness is registered in millimetres, in relation to the thickness of the dermis. 
RESULTS
In this article authors present principles of using high-frequency 20 MHz ultrasonography in dermatovenerology.
The normal skin ultrasonogram In normal skin the first layer is the epidermis that appears as a thin hyperechogenic and continuous line with homogeneous thickness (6) . The echogenicity of the epidermis depends on the thickness of the stratum corneum and the amount of air contained between the keratotic scales (7). In some diseases can be visualised reduced echogenicity in the form of the low reflective band (hypoechogenic band) underneath the epidermis. It can be caused by infiltrates by inflammatory cells (atopic dermatitis, psoriasis) or of carcinomatous cells (Mycosis fungoides, T-cell lymphoma) (8) .
Dermis is the next structure which is visualized on the ultrasound image of normal skin. Dermal echoes are variable and the echogenicity depends on the architecture of skin fiber network and on the amount of contained water, so all pathological changes on this level lead to reflexion reduction or production (1, 7). The dermis is visualized as a less echogenic as the epidermis and it is usually homogeneous, whereas the subcutaneous tissue is characteristically hypoechogenic (because of adipose tissue lobules), with the exception of connecting septa which are hyperechogenic. The borders between the epidermis and dermis, and between dermis and subdermal fat tissue are usually clear (6, 9) .
A lot of studies were performed to find some differences of skin age thickness. Escoffier et al. reported that skin thickness increases between 0-30 years of age, in skin thickness between ages 15-65 is no significant variation and skin is significantly thinner before 15 and after 65 years (10) .In the ultrasound image of the aged skin using high-frequency 20 MHz ultrasonography we can see a subepidermal low echogenic band (SLEB). This band is not observed in the young. Its thickness increases proportionally with the age. The nature of this band is in papillary dermis -a well-vascularised area composed of thin collagen bundles. This hypoechogenic band corresponds to elastosis, changes in collagen structure and water accumulation (11, 12) . SLEB thickness is used as a convenient parameter to measure skin aging. In contrast, the reticular dermis, composed of large collagen bundles, would correspond to the dermal echogenic band composed of larger wavy bundles, contains numerous voids filled by hydrated proteoglycans or glycosaminoglycans. This band is hyperechogenic and diminishes with age (13) .
The evaluation of a skin with 20 MHz ultrasound B scan is performed from the surface to the depth. Echo-poor or hypoechogenic structures are usually dark, echo-rich or hyperechogenic structures are usually bright in ultrasound image (5). BASAL CELL CARCINOMA Basal cell carcinoma is the most common skin cancer, accounting for 80 % to 90 % of all cases. It is a malignant epidermal tumor, which is locally invasive and has a slow growth rate (20) . Although it rarely metastasizes, morbidity results from local invasion and tissue destruction (21) .
The diagnosis of basal cell carcinoma is made by macroscopic findings and histological examination. Ultrasonography of the lesions becomes another diagnostic method. The scars
In ultrasound image of normal skin we distinguish ( MALIGNANT MELANOMA Malignant melanoma is a frequent type of primary skin cancer and it has a high mortality rate. The standard treatment for melanoma is surgery. The histological depth of the tumor (Breslow thickness) is the most important factor for prognosis and treatment approach (14) . Even though histology still represents the ''gold standard' 'for the diagnosis of tumoral skin pathology, researchers were looking for new non-invasive methods of assessment that can offer reliable markers to the histological ones (15, 16) .
The preoperative measurement of the thickness of malignant melanoma represents a new method for the non-invasive evaluation in dermatovenerology. During the last 30 years there were a lot of studies reported very good correlation between the tumoral depth, measured ultrasonographically and histologically (14, 17) . Preoperative ultrasonographic measurement of tumour thickness could be an important parameter for planning surgery and predicting the prognosis for the patient (4).
On ultrasonography, the malignant melanoma appears as homogeneous and hypoechogenic, oval tumor, usually well delimited from dermis. Entry echo is clearly visible, but it can be less visible in ulcerated lesions (18) (Fig.3) . In these cases the epidermis may be irregular or discontinuous, and increased echogenicity of the surrounding subcutaneous tissue may be found. Since the tumor can show asymmetry in its shape, the measurement of thickness should be performed at the deepest point (19) . 
HEMANGIOMAS AND VASCULAR MALFORMATIONS
Hemangiomas are benign endothelial cell neoplasms that appear in infancy and usually have a natural history of proliferation and involution (23) . Hemangiomas are usually small or absent at birth. The lesions can appear as an erythematous macule, or an area of localized telangiectasia. Shortly after birth they undergo a proliferative phase, which can last for several months. They then undergo a stationary period, followed by a period of involution (24) .
Vascular malformations are errors of morphogenesis and consist of abnormal channels lined by normal endothelium that has a low turnover. These anomalies are subclassified according to the predominant channel type (arterial, venous, capillary, lymphatic, or combinations thereof). Vascularmal formations are usually present at birth, but they may not become evident until adolescence or adulthood, and they persist throughout life (25) . They usually grow proportionally with the child and are usually unresponsive to systemic treatments in contrast to hemangiomas. Therefore, differentiation between them is very important for adequate treatment (26) .
In ultrasonography investigation hemangiomas are poorly defined solid tumors. The echogenicity vary according to their phase. In the proliferative phase they are hypoechogenic lesions with poorly defined borders (Fig.5) . During the partial regression phase the echogenicity is heterogeneous, so they present on sonogram as a mix of hypoechogenic and hyperechogenic areas. In the regression phase, hemangiomas are hyperechogenic well-defined lesions (27, 28, 29) .
Vascular malformations can imagine as hypoechogenic tubules (arterial or venous), or hyperechogenic lesions (capillary) depending on the type of vessel. In venous malformations we can find hyperechogenic spots in hypoechogenic lesions that correspond to phleboliths. Assessment of the type (hyperechogenic, hypoechogenic, hyperechogenic spots in hypoechogenic lesions) thickness, and velocity of the vessels is useful for planning noninvasive (laser or percutaneous sclerotherapy) or invasive (embolization) treatments (30, 31) . extirpations of the primary lesions can be investigated after radiotherapy and cryotherapy. The histological subtypes of basal cell carcinoma cannot be distinguished during the ultrasonographic investigation.
In high-frequency ultrasonography basal cell carcinomas are presented as solid, homogenous hypoechogenic oval lesions beneath a strong hyperechogenic epidermis with irregular borders. Histological subclassification of basal cell carcinomas could not be achieved with ultrasonography investigation (1, 22) (Fig.4) . 
PSORIASIS
Psoriasis vulgaris is a chronic, genetically determined, inflammatory and proliferative skin disease, with a prevalence of 1-3 % in the general population. Psoriasis commonly affects the skin and nails. The diagnosis of this disease has been based on both the clinical history and physical examination, and its severity is assessed by the Psoriasis Area and Severity Index. The high-frequency ultrasonography is usually used for monitoring of activity and the effect of treatment (6) .
The ultrasonographic image of psoriatic plaque is characterized by varying increases in the width of the epidermis. The changes in epidermal thickness in the histological picture correspond to the zones of parakeratosis. During the acute inflammatory process, below the epidermis lies irregular, superficial, hypoechogenic band parallel with the surface of the skin (4, 9, 34) . This SEBORRHEIC KERATOSES Seborrheic keratoses are epidermal in origin, superficial benign lesions. They are common in elderly. They are usually localized on the face, trunk and back. During the ultrasonography investigation, they have typical picture, which is specific for these lesions. In ultrasound imagine they present as hypoechogenic lesions with irregular thick surface, due to surface keratinization, in which one can see dense echoes -horny pseudocysts (Fig.6 ). This phenomenon differentiated them from melanomas and other benign nevi (18, 32, 33) . ATOPIC DERMATITIS Atopic dermatitis is a chronic, pruritic eczematous disease that usually begins in childhood and may continue throughout life. Clinical manifestations of atopic dermatitis result from interactions between an epidermal barrier dysfunction, immunological dysregulations, environmental factors and neurogenic disturbances (40) . Atopic dermatitis has various clinical presentations depending on age. Infants usually have affected face or have generalized body eczema. Adults have eczema in flexural areas and on the hands (41) .
In histological investigation during the acute phase, there is marked epidermal intercellular edema and a dermal inflammatory infiltrate of lymphocytes, and activated lymphocytes with normal numbers of mast cells that exhibited various degrees of hypogranulation. In chronic lesions there are increased numbers of Langerhans' cells in the epidermis. In lichenified plaques there is epidermal hyperplasia with a dermal inflammatory infiltrate that included increased numbers of mast cells, lymphocytes and macrophages (42) .
A characteristic feature of an acute inflammatory process in ultrasonography is the hypoechogenic band beneath the epidermis that is caused by the intercellular edema (43) (Fig.8) . In a chronic stage of the disease, there is also hypoechogenic band, but this is associated with reactive changes of the epidermis as well as the presence of subepidermal inflammatory infiltrates (8) . The decrease of hypoechogenic band during therapy is a useful indicator of its effectiveness. This echolucent area is also visualized in other inflammatory skin disorders as psoriasis, due to the inflammatory infiltration, so it is not specific for atopic dermatitis (43) . hypoechogenic band represents an akantotic epithel and inflammatory cellular infiltrate, and it shows disease activity (9) .Another common ultrasonographic feature is a hypoechogenic band in the upper dermis, which may represent inflammatory edema and vasodilatation within the papillary dermis (35) (Fig.7) .Thickening of both the epidermis and dermis is typical ultrasonographic pathologic finding in psoriatic plaques, the reduction or the disappearance of the hypoechogenic band at the superficial dermis level is the indicator of effective therapy (36, 37) . The similar ultrasonographic image is in photoaged skin. The stratum corneum of the epidermis may also show hyperkeratosis that can be seen as a thicker hyperechogenic line of the epidermis during ultrasonographic evaluation. A clearly visual subepidermal low echogenic band is located in the upper dermis immediately below the epidermal entrance echo. This corresponds to elastosis, changes in collagen structure -the replacement of mature collagen fibers of collagen with distinct basophilic appearance, and water accumulation. In contrast to psoriasis, where a subepidermal hypoechogenic band is created by inflammatory cells. The differential diagnosis between psoriasis and photoaged skin by ultrasonography alone is not possible and this diagnostic method cannot be used for it (38, 39) . 
CONCLUSION
Dermatological ultrasound offers not only unique research opportunities, but also has significant clinical applications. It is a painless, low-risk and non-invasive procedure that can easily be performed and repeated. High-frequency ultrasound using 20-MHz transducers is well established for noninvasive imaging of the borders of skin tumors, especially malignant melanoma, the assessment of inflammatory skin diseases as psoriasis, atopic dermatitis, Tcell lymphomas and the measurement of skin thickness. Further progress in technology will lead to the development of higher resolution scanners. Despite these facts pathology examination remains the ultimate gold standard for diagnosis of skin tumors or other skin diseases. T-CELL LYMPHOMAS T-cell lymphomas are characterized by the presence of massive lymphocyte infiltration in the upper part of dermis. During the ultrasonography investigation, we can see the linear hypoechogenic band underneath the epidermis that is a dominant feature for this disease. It is caused by infiltrates of carcinomatous cells (Fig.9) . Its reduction or disappearance, as in the case of inflammatory diseases as psoriasis or atopic dermatitis, shows the effectiveness of therapy (2, 8) .
